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I. INTRODUCTION
Multilevel inverters are power conversion systems made to synthesize a desired AC voltage from several levels of DC link voltages. The numbers of levels of the multilevel inverter is defined as the number of steps which can be generated between the output terminal and the reference node denoted by n. The inverter with the number of voltage levels equals to three or above which is known as the multilevel inverter. The number of voltage levels increases, there is a low Total Harmonic Distortion (THD) for the output voltage.
The multilevel inverter has high efficiency because the devices can be switched at a low frequency. The topologies of the neutral point clamped, flying capacitor, and cascades multilevel inverters have the potential for applications in high power systems [1] [2] [3] . This paper mainly focuses on the neutral point clamped multilevel inverter topology since the modularity of the neutral point clamped multilevel inverter can be stacked easily for high power and high voltage applications.
The advantages of the Sinusoidal Pulse Width Modulation (SPWM) technique are the real time control, good transient response, and constant average switching frequency [4] . However, the elimination of lower order harmonics of this technique will increase the next higher level harmonics. There are four alternative SPWM strategies with different phase relationships; Phase Disposition (PD), Phase Oppo-sition Disposition (POD), Phase Opposition Dispo-sition with different frequencies (PODf), and Alterna-tive Phase Opposition Disposition (APOD). The PD modulation technique, the significant harmonics are concentrated at the carrier frequency. This method is generally accepted that gives rise to the lowest harmonic distortion in higher modulation index [5] . The POD modulation techniques, the significant harmonics are located around the carrier frequency [6] . The PODf technique is same as the POD method, but the frequency modulation for top and bottom bands is less than the frequency modulation for intermediate bands [7] . The APOD modulation technique, the significant harmonics are centered as side bands around the carrier frequency [8] .
In this paper, 4-alternative SPWM signals; PD, POD, PODf, and APOD, created by a TMS320F28335 DSP controller are presented. These signals are used to control the 5-level full-bridge neutral point clamped multilevel inverter (FNPCMI) for investigation the THD by varying the amplitude modulation index in the range of 0.4 to 1.
II. 5-LEVEL NEUTRAL POINT CLAMPED
MULTILEVEL INVERTER The diode clamped multilevel inverter is well known as the neutral point clamped multilevel inverter. The staircase output voltage of the diode clamped multilevel inverter depends on several levels of DC voltages developed by DC capacitors. If m is defined as the number of level, the number of capacitors are (m-1), the number of power electronic switches per phase are 2(m-1), and the number of diodes per phase are 2(m-2). The DC bus voltage is split into five levels using four capacitors is shown in Fig. 1 
In Fig. 1 , the phase output voltage V An has five states:
, and -V dc ⁄2. Fig. 2 shows the topology of two phase legs of the 5-level FNPCMI that the sinusoidal pulse width modulation signal used to control the multilevel inverter consists of two sinusoidal signals displaced at mutually 120°. In this paper, the multicarrier PWM techniques are used for investigation THD in the 5-level FNPCMI composed of PD, POD, PODf, and APOD. Phase Disposition is shown in Fig. 3 where all carriers are in phase across all the bands. Phase Opposition Disposition is depicted in Fig. 4 where all the carriers above the zero reference point are in phase and the carriers below the zero reference point are phase shifted by 180°. Phase Opposition Disposition with different frequencies is shown in Fig. 5 where the phase of the carrier signals is same as POD but the carrier band for bottom and top is less than the intermediate band. Alternative Phase Opposition Disposition (APOD) is described in Fig. 6 where carriers in adjacent band are phase shifted by 180°. Comparison results, the power electro-nic switch is closed when the reference signal is greater than the carrier signal, and the switch is opened when the reference signal is less than the carrier signal. The modulation technique [10] Pulse width modulation period can be given as Figs. 8-11 show the SPWM signal of PD, POD, PODf, and APOD, respectively, where the amplitude modulation index, reference frequency, and carrier frequency are 0.9, 50Hz, and 3.6kHz (PODf : 2.7kHz, 3.6kHz), respectively. In this paper, a TMS320F28335 DSP is used as a processor. The PD, POD, PODf, and APOD modulation techniques are used to control the 5-level FNPCMI for investigation of the THD. The phase voltage and phase current waveforms of the 5-level FNPCMI using POD modulation technique obtained the measurement are shown in Fig. 21 . The phase voltage shape has 5-level, the rms phase voltage is 212V, the rms phase current is 3.87A, and the frequency of the system is 50.92Hz. Output power is 820.44W. These signals are used to control the multilevel inverter for comparative the percentage of the THD by varying the amplitude modulation index in the range of 0.4 to 1. The prototype of the multilevel inverter with a resistive load 50 Ω and an inductive load 8 mH is used for experiment. Regarding to the results, the lowest percentage of the THD of the system is produced when the multilevel inverter is controlled by the PD modulation technique.
